[P la te s 6, 7] A new e x p e rim en tal te ch n iq u e is describ ed for stu d y in g th e d irec tio n a l a n d p o la rizatio n c h a ra c te ristic s o f w ireless echoes. T he m e th o d m ak es use o f an o rd in a ry spaced fram e direction-finding sy stem , co m b in ed w ith a tw inchannel am plifier a n d ca th o d e -ra y tu b e , so th a t b y o b se rv a tio n s o f a n ellipse on th e screen th e p hases a n d a m p litu d e s o f th e e.m .f.s in th e aerial sy stem m a y be d eterm in e d . B y a p p ro p ria te connexions o f th e aerials e ith e r of th e tw o c h a ra c te ristic s m e n tio n e d m a y be stu d ied .
Introduction
A large amount of data concerning the properties of wireless signals reflected from the ionosphere is now available. This has been mainly derived by the pulse technique of Breit and Tuve, which, in conjunction with special receiving apparatus, has enabled measurements to be made of the various quantities relating to any individual echo, namely, amplitude, [ 196 ] time delay, polarization and direction of arrival. From such experiments our present knowledge of the ionosphere has been largely gained, and the main structure of the reflecting regions is now known with some certainty. In many respects it is possible to interpret such experimental results in terms of uniformly stratified layers of ionization, which vary gnly slowly from one set of measurements to the n e x t; and it is well known *how fully the complicated behaviour of echoes with varying wave frequency may be explained in terms of this simple picture, when account is taken of the earth's magnetic field. The evidence th at this is substantially a correct description of the ionosphere is, indeed, very great.
I t has been realized for a long time, however, th at this picture is in adequate to explain all the properties of down-coming waves, and th at some degree of irregularity in the ionized layers is always present. The first evidence pointing to this was obtained from observations on signals within the skip zone of a transmitter, where, apart from a possible ground wave, no signal would be expected. These waves were shown to be due to sporadic reflexions from the ionosphere, and in a detailed study of this subject, Eckersley (1940) has shown that they have their origin mainly at the level of the E layer. Other experiments have been made on the variability of echoes from the E and F layers. The fading of these echoes on two spaced receivers has been studied by Ratcliffe and Pawsey (1933) , who showed th at the layers behave as if they were slightly distorted in structure, thereby giving interference beats between different components of a diffraction system ; while Martyn and Green (1935) and others have used directionfinding apparatus to trace the variations in angle of arrival of pulse echoes, and have shown that for both E and F reflexions there are always appreci able departures from the mean direction that would be expected for mirror reflexion. Many other experiments, including polarization measurements, have been made, and have confirmed the view that irregularities play an important part in ionospheric propagation.
The data available hitherto have been obtained chiefly by manual methods; th at is to say, directions of arrival have been measured by the ordinary technique in which a balance of any particular echo of a pulse pattern is made by turning a goniometer or a phase-adjusting condenser; and polarizations have been determined similarly by using an appropriate aerial system and a goniometer for balancing the echo considered. I t has consequently been possible to study only the more slowly varying character istics of the echoes.
For reflexions from the F region, the directions and polarizations generally change sufficiently gradually to meet this requirement; but in the case of Vol. 184. A.
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E reflexions, and more especially of the sporadic echoes mentioned above, this is by no means the case, and a detailed knowledge of their character istics has not, therefore, been obtainable. There is reason to believe th at the ionic 'clouds' responsible for these latter echoes also cause much of the irregularity observed on other reflexions, the deviations in direction of waves returned from the E or F regions, for instance, being due to their passage through a 'scattering zone' at this lower level; and a fuller knowledge of their rapidly changing characteristics is, therefore, of some importance. The present work is concerned with this problem, as well as with the more rapid changes that occur in E and F reflexions.
In measurements by the manual method, the effect of scattering in the path of a wave is to render the balance obtainable on a pair of spaced frames imperfect. This implies th at the phase surface is changing at such a rate that, in the time taken for adjustment of the apparatus, the balance position has changed appreciably, and only a mean value over the period involved can be derived. The conditions are strictly analogous to those of Michelson's optical interferometer, in which spaced mirrors take the place of the receiving aerials; and the same relations govern the two types of measurement (Eckersley 1938) . Thus by measuring the degree of balance on any signal, it is possible to determine a cone angle within which the component rays may be said to lie; this angle, of course, being a function of the time taken in the adjustment of the apparatus. In the earlier investiga tions referred to, this method was used extensively to determine the spread of the various echoes received; and it was found, in particular, th at the type of scatter echo th at is received within the skip zone shows a very big spread in angle, implying th at the rays of which it is composed are very diverse in direction. I t was not possible, however, to state how quickly the resultant phase surface changed, and so to what extent the time of measure ment would have to be reduced to obtain a single value for the direction of this surface. The time taken in manual observations is of the order of two or three seconds; and all that can be stated is th at during this time the echo beh aves as if it were a bundle of waves of random phase relative to one another, and extending in angle over the cone calculated. The same considerations apply to measurements of polarization. A mean value over a period of time of the same order is all that can be specified. In the case of these echoes in particular, therefore, uncertainty persists as to the rapid fluctuations of polarization and direction th at take place; and in the present work, the technique of more detailed measurement has been applied to these, as well as to other ionospheric reflexions, in order to resolve such uncertainties as far as possible.
General, considerations
Although, as has been stated, most of the work on echo directions and polarizations has been done by the manual technique, certain alternative methods have already been published, which must be considered briefly. We are here concerned only with those applicable to pulse transmissions, for which it is clear the problem of any automatic registration method is greatly increased.
Martyn, Piddington and Munro (1937) , in Australia, have developed a method of recording polarizations of echoes, in which each pulse on the time base appears as an ellipse superimposed on the moving trace. The ellipses are produced by picking up the signal on two loops at right angles, amplifying the e.m.f.s separately, and* after rectifying, applying them to the pairs of plates of a cathode-ray tube. By superimposing a weak ground wave of slightly different frequency, the output voltages are made to oscillate in amplitude, and when the two amplifiers are put on together, an ellipse is traced out on the tube for each echo, representing the polariza tion of the wave concerned. Thus, by taking photographs in rapid suc cession, it is possible to record the changes of any one echo, even when they are taking place quickly. The method has been used very successfully by these authors, but it has drawbacks which appear to make it unsuitable for any detailed analysis of the type here contemplated. In the first place, it is incapable of resolving two echoes which are closely spaced on the time base, since the ellipses due to them must necessarily overlap; and moreover, the movement of the spot along the time base during the generation of an ellipse spreads the figure laterally, and so hinders accurate measurement of its shape. In addition, there is the difficulty th at any one echo comprises e.m.f.s of all amplitudes up to the peak of the pulse, owing to the finite time taken for its growth and decay, and this tends to blur the pattern still further. These factors seem to limit the usefulness of the method considerably, and it was, therefore, not applied to the present problem.
A technique for observing instantaneously directions of echoes has been described by Barfield and Ross (1938) . In this, spaced aerials are used to pick up the signal, and the outputs are connected through twin-channel amplifiers to fhe plates of an oscillograph. The aerials are arranged in such a way that the figure produced on the screen is always a straight line, and its orientation is a measure of the direction of arrival. The bearing can thus be read on a circular scale, and by photographing the figure repeatedly, changes in direction can be traced even when these occur rapidly. The method is essentially one for continuous wave direction-finding, and for signals of this type well-defined figures are produced on the tube; but it has been applied to pulse transmissions also, for which a number of lines of different orientation are produced corresponding to the various echoes received. When the echo system is simple, and attention is directed to one of the stronger components, there is probably little difficulty in tracing the changes in any particular echo, with the help of a monitor receiver to identify the pulses on the tube, though even under these conditions there is likely to be some confusion due to overlapping of the figures. When a large number of echoes are received, however, or observa tions are required on a weak echo in the presence of much stronger ones, the limitations appear to be serious, and photographs of the complex figures on the tube would be very difficult to analyse. No attem pt seems to have been made to apply the method to these more stringent conditions.
Experimental arrangements
The technique used in the present work was designed to overcome these difficulties as far as possible. In principle it consisted in isolating a small element of the group of echoes received, and confining observations of polarization and direction to th at alone. In this way a thin section taken from any one echo could be studied without confusion by the rest of the signal, and changes in the characteristics relating to th at element could be followed in much greater detail.
The same essential apparatus was used for both polarization and directional measurements. This comprised a spaced frame aerial system, such as has been used extensively for direction finding by the phasebalance method (Eckersley 1935) , and a twin-channel amplifier connected to a cathode-ray tube. The figure on the latter determined the phase and amplitude relations between the e.m.f.s fed into the inputs of the amplifiers, and by suitable arrangements of the aerials, these could be made to yield either of the two characteristics relating to the echo selected.
The aerials consisted of four frames arranged as shown in figure 1 , lying on the geographical axes through the centre of the observing hut. Each was aligned carefully relative to its feeder, so th a t spurious pick-up on this conductor should not be transferred to the fram e; and thus by comparing the phases of the e.m.f.s in opposite members, the direction of arrival of any wave could be determined. In using such apparatus manually, a balance is made on a phase unit at the centre, first with one pair of frames connected, and then with the other; and from the two cone angles so obtained, the complete direction of arrival of the wave can be calculated.
In order to apply this same principle to the present experiments, an automatic switching system was introduced, so th at the change-over could be made rapidly and repeatedly, and this was achieved by means of relays operating on the input connexions to the amplifiers, as shown in figure 2. I t was arranged th a t the amplifiers should be coupled to one pair of frames for 1/50 sec. and to the other pair for the next 1/50, and so on, so th a t when transmissions controlled from the supply mains were used, alternate pulses were received on either of the two pairs of frames in turn. Simultaneously with this change-over, the cathode-ray tube beam was deflected sideways by magnetic coils, so th at two separate ellipses were produced on the screen; one of these then indicated the phase relation between the e.m.f.s in the North-South pair, and the other th at in the East-West pair of frames. In a time of 1/25 sec., therefore, the complete direction of arrival was indicated on. the tube. For polarization measurements, the connexions were altered so that the frames of the North-South pair were coupled in parallel to .one amplifier, and those of the East-West pair to the other, no automatic switching being in operation. I t is easy to see that, for vertically incident waves, the two pairs in this way behave as a single pair of crossed loops at the centre of the system, such as would normally be used for polarization observations. They also had the' advantage of being well displaced from the possible distortion of apparatus in the hut. For waves arriving obliquely, there was a phase difference between the frames in parallel, and this had to be allowed for in calculating the relative amplitudes of the two fields at right angles. It did not affect the phase relation of the resultant e.m.f.s. Provision was made for easy interchange between the two types of aerial connexion, so that either polarization or directional measurements could be made as desired.
A choice of two sets of frames was available, one having a spacing between opposite members of 20 m., and the other of 80 m. Normally, the closer spacing was used for polarization measurements, in which it was desirable to keep the extent of the aerial array small compared with a wave-length,* and the wider spacing was used for directional tests, where greater sensitivity was obtained by increasing the separation between frames.
The system used for selecting an element of any particular echo is shown diagrammatically pi figure 3. The principle is similar to th at described in a previous paper (Farmer 1935) , in which the amplitudes of individual echoes were recorded automatically, but in the present case the selecting action was carried out by controlling the modulating electrode of the cathode-ray tube, instead of by varying the sensitivity of the receiver. Thus, for the whole time, the high-frequency output of the amplifiers was applied to the plates of the tube, but an image was formed on the screen only for the brief period in which the tube was caused to focus. The modulation of the tube was achieved by a circuit which generated a square shaped positive pulse every 1/50 sec., this pulse being applied to the control anode through a condenser coupling. By adjusting the mean potential of this anode so th at the tube was just 'blacked o u t' between pulses, it could be arranged th at a correctly focused pattern should be produced during the short periods in which the impulse was operative, i.e. during a fraction of the time in which the echo to be observed was arriving. The extent of this period could be varied at will from about 10 to 200 /<sec.
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* The wave-lengths used were of the order of 50 m.
Some elaboration arose from the necessity of making the phase of the selecting impulse variable with respect to the supply mains controlling the transm itter. This was required not only to allow a choice of the portion of the echo pattern selected, but to make the apparatus adaptable to trans mitters having different phase relations to the A.C. supply. The arrange ment of figure 3 met this purpose. From the incoming supply mains an impulse of variable phase was generated by the phase changer arid suitable output circuit, and this was used to lock a monitoring time base on which the echoes obtained on an independent receiver could be observed. Thus any transm itter could be made to give its echo pattern suitably displayed on this time base, and the start of the sweep provided a con venient datum relative to which the selecting impulse could then be adjusted. This was done by the second phase changer which controlled the oscillograph modulating circuit just mentioned. Both phase changers had to work over a large range, and specially designed circuits were developed to provide smooth variation between the extreme positions. In order to show in which part of the echo pattern the selecting impulse was operative, a voltage similar to that used to modulate the main oscillograph was applied to one of the vertical deflecting plates of the monitor tube. A small deflexion was thus produced in the time base, as shown in figure 4 , and by adjustment of the phase, this could be placed in the middle of any echo as desired. The width of the deflexion indicated the duration of the active period of the main tube.
A photographic method was used to record the ellipses generated by the echoes. This consisted of a simple camera in which a film was moved steadily past the field of view; by virtue of the oscillograph modulation, the image on the screen only existed for a few micro-seconds in every cycle, and no cinematograph mechanism was therefore necessary to separate the successive ellipses. It was found by using a tube with very small after glow, that quite distinct images were obtained even when the film was
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moved rapidly across the field. In order to obtain sufficient exposure, however, in the very short time (normally about 15 ysec.) during which the tube was focused, a special photographic tube capable of working up to 10,000 V was necessary.* With the repetition frequency of 50 per sec. of the successive pulses, it is obvious th at a fast-moving film was necessary to separate the resulting ellipses. In the polarization tests, a speed of some, 15 cm./sec. was required to obtain clear separation; in the directional tests each ellipse repeated at half the frequency of the pulses, and a somewhat slower speed was sufficient. In many cases, however, it was found th at the direction or polarization did not change much in the short time between successive pulses, and the high film speed thus became wasteful. A device was, therefore, incorporated by which the number of ellipses appearing on the screen could be cut down to any desired extent. This took the form of an oscillator which operated a t a subharmonic of the mains frequency, and which desensitized the oscillograph for all but a fraction of its normally active periods. I t was designed so th at the active part of the cycle (in directional experiments) should be exactly two periods of the mains supply, during which an ellipse on each of the two pairs of frames would be traced out, and that during the remainder of the time the tube should be idle, regardless of the length of the cycle. A multivibrator type of circuit was used for this purpose, and frequencies of 1/6, 1/8, 1/10 and 1/12 of the 50-cycle mains were employed, an even subharmonic being chosen to obtain regularly spaced ellipses on the film. In polarization experiments a slightly different condition was necessary, in th at only one ellipse had to be admitted per cycle instead of two, and provision was made for interchange between the two types of operation by simple switching.
Experimental procedure
In either type of experiment careful lining-up of the apparatus was necessary before commencing.
In polarization measurements this was achieved by means of an aerial on a line at 45° to the axes of the frames, which was connected by a feeder to an oscillator in the hut. The two amplifiers were tuned carefully to the signal, and by means of line-up switches interconnecting their grids, the phases were equalized at successive stages in the two units. Finally, the input circuits were adjusted to give equal phase output from the calibrating * A Cossor tu b e , ty p e 3222, m e t th is re q u ire m e n t v e ry well. aerial, as shown, by a line a t 45° on the tube. Since, as far as the input to the receivers was concerned, the signal from this aerial was equivalent to a plane polarized wave incident vertically on the system, it is obvious th a t when the circuits were thus lined up, the shape of the figure produced by a down-coming wave was a direct measure of the polarization of the wave on the ground; and if the wave was reflected vertically from the ionosphere, it gave a t once the polarization ellipse of the wave front. In the case of waves incident obliquely, it was possible to calculate the polarization from the measured figure by allowing for the phase difference between opposite frames, as mentioned above, and then projecting the ellipse on the ground on to the wave front. This latter process was most readily done by the transformation method described by Eckersley and Millington (1939) . In directional experiments a different method of lining-up was required. Two aerials were used, one situated due West of the apparatus and the other due South, and these were used to line-up respectively the NorthSouth and the East-West pairs of frames. The arrangement is shown in figure 5 . The aerials were connected through switches to an oscillator in the hut, and the process of adjustment consisted in first tuning each amplifier in the way described for polarizations, and then making final adjustments to the input circuits, so that either aerial with its appropriate pair of frames gave a line at 45° on the oscillograph. Under these conditions the phase difference between the e.m.f.s in the frames, due to a down-coming wave, could at once be determined from the shape of the resulting ellipse; and from the two figures together, the complete direction of arrival of the wave could be obtained.
Provision was made for determining the sense of rotation of the ellipses by connecting a small condenser across the tuned circuit in one of the i .f. amplifier stages. This was operated by hand, and it was, therefore, not possible to keep track of the sense of rotation when this latter wa's changing rapidly. In the case of echoes of this type, however, the variations in direc tion or polarization were the factors of chief interest, and the mean absolute values could be determined, when necessary, by the manual method.
Discussion of results
Pulse transmissions from three stations were used. These were Daventry, giving a weekly programme on 6*1 Me./sec. during the sunrise period, Ongar (GOQ) giving a similar programme on 7-6 Me./sec. from 0900 to 1100 G.M.T., and an experimental transm itter in Chelmsford which could be controlled from the receiving hut, and which gave a wide choice of frequencies. Of the three stations, the two former were of relatively high power, but Ongar alone, on 20 kW, gave sufficient radiation to show good scatter reflexions. The programmes from this station were, unfortunately, much curtailed by other requirements, and it has not been possible to get all the data th at was desired on these echoes; the stronger reflexions, however, could be studied with lower power, and have been observed in greater detail.
We shall, for convenience, consider the two types of experiment separ ately.
(a) Directional measurements (1) Split F echoes.
In the sunrise experiments on Daventry, the F region density was in creasing with elevation of the sun, and it usually became sufficient to reflect the 6-1 Mc./sec. waves during the test. An opportunity was therefore provided for examining the separate magneto-ionic components from this region. Figure 6 shows a typical record taken under these conditions, obtained by selecting an element from the first order F extraordinary echo. The duration of the selecting period was about 15 ^sec., and the submultiplier was set to a frequency 1 /6 of that of the mains, so th at at each cycle of this frequency one pair of ellipses was recorded on the film. In this, as in some of the other experiments, the camera was turned by hand, resulting in slight irregularities in the spacing of the ellipses.
The most noticeable feature of the record is the constancy of shape of the ellipses throughout the period of 11 sec., although their amplitudes change as the signals fade. This is typical of single echoes from the F region, and in particular of a single magneto-ionic component; and it is interesting to relate it to the type of observations obtained manually by the phasebalance method. In experiments of that type, it was found that the variations in direction were nearly always slow enough to follow manually, and a t any instant a good balance could be obtained. I t would be expected, therefore, th a t when the speed of observing is increased, no appreciable variations should occur in the period of a few seconds in which a manual adjustment could be made. From measurements of the ellipses, it is found th at the phase difference on either pair of frames did not change by more than 2° during the 11 sec. of record shown, and by a scarcely greater amount in the whole recording of 35 sec. Since the frame spacing was 80 m., and the waves were arriving nearly vertically, it is easy to see th at the direction remained constant to within 0-2° during this period. At other times larger variations have occurred, corresponding, presumably, to the conditions when manual balances were less easily obtained, but in every case in which the rapid technique was used, and observations were made on a single magneto-ionic component, it has been found th at the direction remained sensibly constant for at least a few seconds.
The actual direction of the waves may be calculated from the record, though unfortunately in these tests there was some doubt as to the sense of rotation of the ellipses. The calibration lines, corresponding to equal phase e.m.f.s in the frames, are shown at the end of the record, and it is seen from these that the phase difference for the East-West frames is 118°, and for the North-South frames, 36°. Assuming the rotations were such that*the former was negative and the latter positive, these lead at once to the values Bearing 287°A ngle of incidence 12*2°T he geographical bearing is 295°, which is in as good agreement as would be expected for such steep rays, while the angle of incidence corresponds to reflexion from a height of 303 km., which again is approximately correct for the F region at this time of day. Other interpretations of the sense of rotation give widely different results.
(2) Unresolved F echoes.
During the Daventry transmissions, the two magneto-ionic components converged with increasing F density, and ultimately united into a single echo. I t was of interest, therefore, to compare the behaviour of this composite echo with that of the separate components, and figure 7 shows the results of a directional test made for this purpose. There is a marked difference between the two types of record. In this case, the amplitudes of the two ellipses are seen to vary very greatly in the course of a few seconds, the fluctuations being periodic, and such th a t the e.m.f. in one pair of frames is weak when the other is strong. This will be recognized as a result of interference between two oppositely polarized components, and we shall refer to it further in regard to polarization; but it is particularly interesting to notice th at although the ellipses are changing rapidly in size, they retain their shape fairly closely throughout the course of the run. The direction of arrival is thus constant to within about a degree, in spite of the large changes in form of th § resultant wave.
This constancy of the ellipse shape is significant, also, in relation to the behaviour of the apparatus. It has been mentioned th at the aerials were designed to make the direction finder substantially free from polarization error; and it is obvious th at this error would be most apparent under the conditions with which we are here dealing, when each frame is subject to a magnetic field changing widely in its direction relative to the receiving system. Although the accuracy of the test is not great, the fact th a t the measured direction remained practically constant in this case suggests th a t such errors are small, and the direction finder is reliable as far as polarization errors are concerned.
(3) Carrier observations. The same recording technique was applied to a steady carrier from Daventry, for comparison with the pulse observations. The echo-selecting circuit now served merely to break the carrier up into elements of very short duration, so that separate ellipses should be produced on the film, and the duration of the active period was kept the same as before for uniformity.
An example of this type is shown in figure 8 . The incident wave now comprised not only the two magneto-ionic components, but also multiple reflexions from the F layer, and the effect of their mutual interference is clearly shown. In addition to the amplitude changes of the last record, there are now large phase changes in either pair of frames, indicating a fluctuation in direction of the effective phase surface. This is as we should expect with rays arriving at different angles of incidence. Such rays add together to produce a resultant which may vary over the range of angles embraced by the different rays, and may even extend far outside this range when the resultant amplitude is small compared with those of the individual rays. I t is interesting to notice, further, th a t the axes of the ellipses now depart very considerably from lines at 45°. This implies th a t the e.m.f.s in opposite frames differ in amplitude as well as in phase, and it is seen th a t the e.m.f. in one frame was often as much as three times th a t in the other. This is attributable, again, to rays arriving a t different angles of incidence. Such rays, having random phase relations to one another, may add to gether at one frame and oppose at the other, causing large differences in the resulting signal strengths. In the manual technique, the effect of this would be to necessitate large adjustments of (he amplitude control in the phase unit, as well as of the phasing circuits, and the difficulty of following the changes in direction would be greatly increased.
From the shapes of the ellipses, the directional variations may easily be computed, and figure 9 shows the results for the carrier transmission. The East-West and North-South frames are taken separately, the origin in each case being arbitrary, since there were insufficient data to determine the actual direction at any moment. It is seen that the apparent ray direction varies through as much as 30° relative to the axes of the frames in the 10 sec. of the record. This is 150 times the variation noted on the single extraordinary echo, and shows clearly the difference between carrier and pulse transmissions as regards stability of the wave surface. In direction finding problems, it is clear from this that great advantages are to be obtained by the use of pulses as compared with ordinary continuous wave transmissions. (4) E reflexions.
Using the local transmitter, observations were made on an occasion when abnormal E echoes were present. The frequency used was 6*4 Me./sec., and the echoes were of the sporadic, scattered type, lasting only a few minutes, rather than the intense E reflexions which sometimes persist for long periods. The results of one test are shown in figure 10 . The measure ments were made, as before, on the 80 m. spaced frames, and the submultiplier was set to a frequency of 1/8 of th a t of the mains.
The echoes show a remarkable variability in direction, so rapid th a t in places it is not even possible to follow the continuity of phase between successive ellipses. The echoes in this case were much weaker than those previously observed, and it is possible th at they were influenced by noise arising from the increased gain of the receiver, which tends to introduce random changes of phase; but it is clear, where continuity exists, th at large changes occur within a very few cycles of the submultiplier, and in a period of 1 sec. the change of phase is of the order of 180-360°. This corresponds to a directional change of 20-40°. Although the possible types of E echoes differ greatly in characteristics, this result accords with the fact th at they always show much poorer balances on the phase unit than echoes from the F region; and in the case of a diffuse echo, such as th at recorded here, they are known to represent angular spreads of the rays of 30° or more. The two methods of measure ment are thus consistent, while the present results show approximately the rate of change of direction of the effective wave surface. I t would be necessary to balance the phase unit in a time of the order of 1/2 sec. to obtain a well-defined direction by th at method.
(5) Scatter e c h o e s. The short-lived scatter echoes which occur at any time on a high-power transmission have also been observed. The Ongar station, on a frequency of 7-6 Me./sec., was used, and figure 11 shows a directional record obtained by this means. Only one transmission has been available since the com pletion of the apparatus, and the echo strengths were unfortunately poor on this occasion, so th at noise level was again detracting from the accuracy; but the main features of the echoes may be seen. The submultiplier was put out of operation, so th at the maximum repetition frequency of the ellipses should be obtained, and the film speed was increased correspondingly.
It is seen that, as in the case of abnormal E echoes, large phase changes occur within a fraction of a second. On either pair of frames there are changes of the order of 180° in 1/4 sec., which, for the wave-length of 40 m., implies a directional change of about 15° in this time. This very high rate of change accords again with the fact th at only the poorest balances can be obtained manually on these echoes, and their directional properties have, in consequence, remained largely unknown. Although we have not enough data for a detailed analysis, the results obtained throw some light on the nature of the scatter clouds which are responsible for these echoes. When observed on a time base in the usual way, each echo is seen to last for a time of the order of a few seconds, during which its effective height remains sensibly constant; and this suggests th at the reflexion is due to a cloud of ionization, which spreads out until the density is insufficient to return the waves any longer. If this is correct, it would be expected th at the direction of arrival of each echo should be practically constant while the cloud lasts, being the direction of the cloud itself, whereas the evidence all seems to point to very large variations in direction being present. This feature is difficult to interpret. There seems to be only one way to reconcile the two results, namely, to assume that each echo, instead of being due to a single cloud, is due to a number of such centres distributed widely in the iono sphere, such as might be produced by a shower of particles entering the Atmosphere. The interference between the rays from such a group of clouds would account for the large variations in direction of the wave front, while their relative constancy of position during their lifetime would explain the apparent stability of the echo on the time base. I t would be out of place here to consider the mechanism by which such a cloud structure could suddenly be brought into being, but we may state with some certainty th at the echoes are of such a nature as to be inexplicable in terms of single clouds in the ionosphere, unless these are assumed to move during their lifetime with enormous and random velocities; and other considerations make this supposition very unlikely.
(h) Polarization measurements
(1) Split F echoes.
Records of polarization on the two m agneto-ionic components were taken during the early morning transmissions from Daventry. The 20 m. frames were connected in parallel as described, and the submultiplier switched to give one pulse instead of two in each cycle. Figure 12 shows typical results for the two waves, the upper record being of the ordinary and the lower of the extraordinary component.
The ellipses on the film are seen to be extremely constant in shape for either component, regardless of changes in amplitude. Both are nearly circular. The angle of incidence was small, being about 12° in this experi-ment, so th at the correction for phase difference between opposite frames does not modify this result greatly. From consideration of the quadrant in which the calibration line lies, it is easy to see th at the figure on the film, when corrected for this phase difference, represents the actual magnetic ellipse on the ground, where the North-South direction is taken along the length of the record. The mean results deduced by this means are: imultaneously with these tests, observations were made on a polarimeter in the receiving hut (Eckersley and Millington 1939) . Owing to the presence of other apparatus, this was known to be subject to some local distortion, and the results obtained always differed a little from those derived by the later method. For comparison, we give the average results obtained on this apparatus, again for the ellipse on the ground: ince the ellipses were all nearly circular, little importance can be attached to the measurement of bearing of the major axis, the position of this being vaguely defined in the field of the wave. The agreement between the two sets of results is not very good, however, and it is probable th at the error resides mainly in the polarimeter values.
The polarizations to be expected in these experiments may be calculated from the well-known Appleton-Hartree theory. In our case, taking the angle of incidence to be 12°, and omitting the damping factor, the ellipse on the wave front is found to have a ratio of axes of 0*966. The value is the same for both components, their major axes being at right angles.
The ellipses on the ground are found by projecting these, using the analysis of Eckersley and Millington mentioned above. The resulting figures are th e n : orientations of their axes. The accuracy in our experiments seems scarcely sufficient for this purpose. There was, however, a definite tendency in the experimental results for the ellipses to be more eccentric than the theoretical figures, the ratio of axes seldom exceeding 0*9 ; and it seemed that this might be significant in regard to the conditions at the bottom of the layer determining the limiting polariza tion of the waves. I t is assumed in the theory th at the polarization is th at characteristic of zero ionization density, and also th at the damping term is negligible. That the latter supposition could not be responsible for the observed eccentricities is clear, since the inclusion of this term always makes the polarizations more circular; but it is well known that, at levels of greater density, the ellipses do become more eccentric, and it seemed possible that the form of the down-coming wave might be determined at some level slightly above the bottom of the layer, instead of at its lower boundary. From the relation between density and polarization, it is easy to calculate the shape of the ellipse corresponding to any depth in the layer, and it may be shown th at to obtain a ratio of axes of 0*9 (the approximate value on the wave front from our results), it would be necessary to go to a depth where the density is 0*4 of the critical value for the ordinary wave. This is a large departure from the zero ionization at the boundary, and it is clear that if the polarization is actually determined at such a level, very considerable error is presented in the ray theory, according to which the polarization must remain characteristic throughout the wave path. The fact th at this theory accords so well in other respects with the behaviour of down-coming waves, suggests that such a large departure in this Case is unlikely; and it seems that a systematic error of about 5 % in the measure ments must be postulated to account for our observed ellipse shapes.
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It is well known that when the two magneto-ionic components merge together, the polarization ceases to retain its simple form, and is determined by the interference between the two waves. The effect of this is commonly observed by the rhythmic fading it produces on an F echo just after the two components have united.
Observations were made on the F echoes from Daventry under these conditions, and figures 13 and 14 show the resulting polarization measure ments. The first was taken when the two echoes had just come together; the second, just before they seoarated again owing to a temporary decrease in ionization density. The addition of the two components to form a plane polarized wave is clearly shown in both cases, as well as the reversal in Vol. 184. A. 14 sense of rotation accompanying the change from increasing to decreasing density. The rate of rotation of the plane gives the speed at which one phase path was changing relative to the other, which is seen to be of the order of one wave-length in 10-20 sec.
When the echoes were more completely united, the polarization showed less definite characteristics, and remained much more steady with time. As the sun's elevation increased, it approached more and more to the form of the ordinary wave, showing th a t the extraordinary component was being absorbed more heavily; but there was no tendency to reach a steady elliptical state, as exhibited by one component alone. No polarization records have been obtained on these echoes, but they were observed visually on the oscillograph before the photographic equip ment was completed. Their characteristics may be summed up as follows:
(a) The polarization may have any elliptical form whatever, and often changes through the extreme range from a left-handed to a right-handed circle in a fraction of a second.
(b) When an echo is first produced, there is a tendency for the wave to be plane polarized, and, in the case of the Ongar station, to have its magnetic vector approximately in the East-West direction. It is possible th at this is due to ' mirror ' reflexion at the sharp boundary of a cloud. The transmitting aerial was a horizontal dipole lying in the direction 150° from North, and would therefore radiate a wave having its magnetic vector more in the East-West than .in the North-South direction.
(c) After the echo has existed for a few seconds, it may show any of the following features: (1) The ellipse may take the form of a line rotating rapidly in either direction. This suggests, as noted above, the interference between two oppositely polarized components of approximately equal amplitudes. (2) The ellipse may retain an approximately constant shape, but fluctuate in amplitude. This would.be caused by two right-hand or lefthand polarized waves of varying phase paths beating together. (3) The ellipse may oscillate within a rectangular envelope, passing through a sequence of forms as shown in figure 15. These imply a variation of phase difference between the e.m.f.s in the two pairs of frames, each one retaining an approximately constant amplitude, and would suggest the interference of two plane waves oriented at right angles at the receiving system.
In the case of a scatter echo which lasted for several minutes, it was observed that the polarization ultimately became much steadier, and tended towards a right-hand circular form. This persisted for some time, after which the amplitude decreased and the echo finally disappeared. This seems to imply th a t such an echo is due to the production of exceptionally dense clouds, which diffuse to form a layer in the ionosphere; and as this diffuses further, it reflects for a time the extraordinary wave only, which also ultimately penetrates, causing loss of the echo. I t should be noted th at none of the characteristics mentioned under (c) is well defined, or persists for any length of time; but their occurrence, even for short periods, throws some light on the structure of the scatter reflexions. I t seems certain th at these echoes are due to a large number of contributing rays, which interfere with one another in various ways; and this again points to the supposition made above th at each echo is the result, not of reflexion from a single cloud, but rather from a group of clouds extending over a considerable area in the ionosphere. Further observations of the type described here will perhaps give a more complete picture of the mechanism of these reflexions.
Conclusions
I 'he experiments as a whole throw some light on the type of irregularity th at is encountered in wireless transmission in the ionosphere. From the various echoes examined, it is notable how the degree of irregularity, both of polarization and direction, varies greatly according to the type of ray received; the F reflexions, for instance, observed by the rapid technique, show scarcely any change in characteristics over a period of the order of 20 sec., and may be followed with quite a slow observing speed, while the abnormal E echoes, and more especially scatter reflexions, show far greater fluctuations, and change their characteristics considerably in a second or less. This accords, in general, with the conclusions from manual experi ments; but the present observations have shown, too, the order of the upper limit that exists to the rate of change of either characteristic. I t was found, throughout, that except when noise level in the amplifiers was liable to introduce random phase changes, there was definite continuity of phase from one 50-cycle pulse to the next, even in the most rapidly changing echoes. This result is of interest, in showing th at at any instant there is a perfectly definite wave surface at the receiver, which persists for a time extremely long compared with the period of oscillation of the wave. Although it may still be convenient to picture a bad balance on the phase unit as being due to a bundle of rays arriving simultaneously a t the receiver, it is clear that this is only the result of the long time required to measure the phase relations between opposite frames, and th a t if a balance could be made instantaneously, the variations in direction could be followed in detail just as they can for the more slowly changing F echoes. In both cases, the measure ment gives simply the direction of the normal to the surface of constant phase, which may, as pointed out above, be quite unrelated to the real direction of arrival of the contributing rays.
The scatter echoes show remarkable variability of both direction and polarization, and it is cleat th at they differ very radically from the more normal ionospheric reflexions. Several suggestions have been put forward to account for their origin. Of these, the possibility th at they are due to meteors, recently proposed by Skellett (1938) , deserves mention, since such a mechanism might account for a rapid movement of the scattering centre during the early part, at least, of its lifetime. An examination of the records, however, does not seem to make even this interpretation likely; for if we assume a distance away of the clouds of about 100 km., an average value for these echoes, the directional changes imply a velocity of the order of 100 km./sec. transverse to the direction of the ray. This is greatly in excess of ordinary meteor velocities. Thus it appears th at any explanation in terms of a movement of the scattering source is untenable, and we are forced to the conclusion already propounded, th at deviations of the wave surface are only apparent variations of the echo direction, and arise from interference between a number of different rays originating at widely spaced centres in the ionosphere.
I t has been mentioned that the variability of both E and F echoes was probably due to the same cause, namely, irregularities in the E layer of the ionosphere. Whether this can be the case, in view of the enormous difference in the rates of change in the two types of reflexion, is clearly open to question, though there is reason to believe th at this would be a possible consequence of such a common origin. The waves reflected back from clouds in the E region, either as scatter or diffuse E echoes, are probably due to reflexion at a sharp gradient of ionization which lasts only for a short period after the formation of the clouds, and it is clear that during this period, conditions are changing extremely quickly, so th at rapid phase changes in the reflected rays would naturally result. These would give the rapidly varying phase surface observed at the receiver. In the case of F reflexions, however, the clouds would continue to deviate for a time very long compared with th at of back scattering, owing to the much smaller density required for deviation than for reflexion; and if this is the case, the bending of the waves would be caused, not so much by the clouds formed in the previpus 2 or 3 sec., as by the much larger number formed within the last 10 or 15 min. The rates of change of the latter would be much slower than those of the newly formed clouds, and a relatively slow deviation would be likely to result. A mathematical analysis of this problem for the case of spherically symmetrical clouds has been given by Eckersley (1932) , which shows this fundamental difference between backward and forward scattering, and supports the view outlined here. Whether the common deviating mechanism is, in fact, the correct interpretation of the pheno mena, can only be decided with certainty, it seems, by a more detailed study of these scattered echoes.
In conclusion, it should be mentioned that in the present experiments only a very limited amount of data has been obtainable, and many features require further study. The technique, however, appears to be one having considerable usefulness in this direction, and it is hoped th at further experiments will be possible to derive data for a more complete analysis.
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